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1.0 INTRODUCTION 

The purpose of this memorandum is to discuss the cost and emission impacts resulting 

from fuel switching in boilers and process heaters. Fuel switching is a potential control option 

that would require some boilers and process heaters to convert to natural gas. which emits lower 

emissions of some compounds when combusted than most solid and liquid fuels such as coal and 

residual oil. For many pollutants. fuel switching generally results in greater emission reductions 

than add-on technologies. and for some pollutants. he1 switching may be the only control 

method available. 

For this analysis, the cost, emission. and operational impacts of fuel switching coal-fired 

and residual oil-fired boilers and process heaters to natural gas were examined. It  was assumed 

that units burning biomass. non-fossil fuel. or wood, alone or in combination with gaseous fuel, 

would be unlikely to fuel switch to natural gas alone. This assumption is based on the 

availability ofthe current fuel blend. the cost differential between the current fuel blend and 

natural gas, and the limited emission reductions that would be achieved over add-on control 

devices. Similarly. it was assumed that units burning distillate oil would not fuel switch because 

of the limited emission reduction that would be achieved. 
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Section 2.0 summarizes the results of the analysis. Section 3.0 discusses the analysis in 

more detail. and Section 4.0 presents references. Detailed calculation tables are in 

Attachment A. 

Capitat Costs AnnualCusts 1 
Fuel (% 1,000,000) I (S;~,oOO,OOO/yr) 

Coal 2.092 10.644 
Residual Oil 868 1.383 

Boilers Total 2.960 12,026 
Coal 0 0 
Residual Oil 215 526 

. Process Heaters , Total 215 826 

2.0 RESULTS OF ANALYSIS 

Coal 2,092 10,644 
Residual Oil 1.083 2,308 

Total Total 3.175 13.85 1 1 

Table 2- 1 summarizes the capital investment and annual costs estimated for fuel 

switching coal-tired and residual oil-tired boilers and process heaters to natural gas. Fuel 

switching would require over $3 billion in capital costs and $ 12 billion in annual costs. Of these 

totals. units firing coal. either wholly or partially. incur 66 percent of the capital and 83 percent 

of the annual costs. Additionally. 93 percent of the capital and 94 percent of the annual costs are 

from fuel switching boilers. 
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Table 2-1. Summary of Capital and Annual 
Costs for Fuel Switching to Natura1 Gas 

Table 2-2 summarizes the emission reductions for selected pollutants as a result of fuel 

switching. Emissions of metallic, inorganic, and some organic compounds decrease as a result of 

fuel switching. However. emissions of some organic compounds. such as formaldehyde. would 

increase with fuel stvitching. 
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3.0 DESCRIPTION OF ANALYSIS 

3.1 Background 

A portion of the work products developed by the Industrial Combustion Coordinated 

Rulemaking (ICCR) Federal Advisory Committee Act were databases that contained an 

inventory of the population of boilers, process heaters, IC engines, turbines. and incinerators in 

the nation. Detailed information about these databases can be found in other memoranda.'-' 

A review of the population databases indicated that each boiler or process heater (that 

does not solely burn natural gas) could be categorized into three scenarios involving %el 

switching to natural gas. 

A. The boiler or process heater already uses natural gas as a start-up or back-up fuel. 
Therefore. it would only require modifications to the boiler or process heater to 
burn natural gas only. 

B. The boiler or process heater does not use natural gas as a start-up or back-up fuel, 
but the facility does use gas for some operation on site. This would require 
modifications to the boiler or process heater and upgrades to the on-site gas 
handlin, 0 s y stem. 

C. The facility does not use natural gas at all. This would require modifications to 
the boiler or process heater, construction of an on-site gas handling system, and 
construction of piping from the most accessible main gas line. 

Additionally. Scenario C was further divided into four cases to address the potential 

availability of natural gas for boilers and process heaters. 

c1: 

C2: 

C3 : 

C4: 

The main gas line is close to the plant. but the plant is in a city or near a city 
Therefore, a higher cost per foot of pipe would be incurred. 

The main gas line is a moderate distance from the plant, and the plant is in a rural 
location. A lower cost per foot of pipe would be incurred. 

The main gas line is far from the plant. and the plant is in a rural location. A 
lower cost per foot of pipe would be incurred. 

Gas is not available at all. 



Each boiler and process heater in the population database was assigned to one ofthe 

above scenariosicases. 

3.2 Assimment of Boilers and Process Heaters to Fuel Switchinp Scenarios 

The ICCR population database for boiler and process heaters identify whether a unit 

already co-fires natural gas. Those that do were assigned to Scenario A. Any boiler or process 

heater not identified as firing natural gas. but located at a facility that does have another 

combustion unit firing natural gas \vas assigned to Scenario B. It \vas assumed that a natural gas 

line was available at.the facility. so costs incurred for fuel switching the boiler or process heater 

would be for modification ofthe on-site gas handling system and for boiler or process heater 

combustor modifications. 

Model units were used to represent the national population of boilers and process heaters. 

Boilers and process heaters were assigned to models based on the fuel burned. capacity. and 

combustor type. .-I detailed discussion of model units is presented in another memorandum.6 

Capacity data were not available for all boilers and process heaters, so units with unknown 

capacities were assigned to models based on he1 and combustor type using the same distribution 

(i.e., relative percentages of population) as that for units with known capacities. Attachments 

A- 1 and A-2 present the distribution of boilers and process heaters to Scenarios A and B. 

Scenario C units were assumed to be all the boilers and process heaters that were not 

assigned to scenarios A or B. The boiler and process heaters databases do not provide any 

information that could be used to assign units to the Scenario C cases. It was assumed that the 

majority of Case C units would be in case C2 because the widespread use of natural gas lines.' 

To provide a conservative estimate of costs. the majority of the remaining units were assumed to 

be in case C3. then C 1. I t  was also assumed than only a very small number of boilers and 

process heaters would not have gas available at all. case C4. For this analysis. case C units were 

distributed in the following percentages: C 1 =5%, C2= 8.5%. C3 = 10%. and C4=1%. 

3.3 Develonment of Cost InDuts and Factors 

Costs were estimated using 1997 as the base year. Information used to calculate capital 

and annual costs for fuel switching were obtained from two sources: (1) a feasibility study from 

1986 on converting oil- and coal-fired utility boilers to fire gas intermittently', and (2) a Phase 11 



Nos control report." The equations used to calculate capital and annual costs are provided in 

Attachment A-3. Costing inputs are summarized in Attachment A-4. 

Capital Costs. The 1986 feasibility study provided detailed capital cost breakdowns. in 

dollars per kilowatt of capacity (S/kW), for fuel switching to natural gas for five utility boilers at 

five different sites. For this analysis. it was assumed that capital costs for intermittent use of 

natural gas at utility boilers could be used for continuous use of natural gas by 

industriaI/institutional/commercial boilers and process heaters. Attachment A-5 presents the cost 

components from the 1986 document. The attachment lists the costs of each component from the 

five studies found in the 1986 feasibility study. For the five utility boilers studied. different 

breakdoLvns. component groupings. and component names bvere used. Similar components were 

grouped together based on descriptions provided and engineering judgment. The table also 

allocates components to either the gas handling system. combustor system. or "other" 

(administrative, vendor representative. startup. etc). 

Attachment A-6 presents the costs calculated for each scenario. Components were 

assigned to scenarios A and B using engineering judgment based on the costs that would 

probably be incurred for each scenario. The average costs for gas systems or combustor systems 

were calculated for each case and added to the "other" costs to obtain the total cost of fuel 

switching for each case. Average costs were used to account for differences between the studies 

and to provide a normalized cost factor. It was assumed that each case would require "other" 

costs. Costs were escalated from 1985 dollars to 1997 dollars using the Chemical Engineering 

plant cost indices.'" 

For the scenario C cases C I ,  C2, and C3. the only additional costs beyond those for 

Case B are the costs for the piping and piping installation (eg.. Case C 1 cost = Scenario B cost + 

Case C I piping cost). For this analysis. the pipe lengths used in cost estimates were 500 feet for 

case C 1. I mile for case C2. and I O  miles for case C3. Pipe lengths were based on engineering 

judgment. information pro\ ided in the feasibility study. and a study of pipelines in the United 

States.? The cost per foot of pipe was determined based on whether the scenario would be in a 

city or a rural area. Using information in the feasibility study, a cost of $125 per foot of pipe was 

used for pipelines in a city (case C l )  and a cost of $25 per foot of pipe was used for pipelines in a 

rural location (cases C 1 and C2). The higher cost for city pipelines are due to greater 
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construction costs to install pipelines in smaller, more congested areas. For case C4. because gas 

is not available. the cost of add-on controls was used. The cost of add-on controls is discussed in 

another memorandum.’! 

Total Annual Costs.  The components of total annual costs for fuel suitching that apply 

to industrial boilers and process heaters include: 

- Annualized capital 

- SO, Allowances 
- Capacity recovery 

- Difference in fuel costs between natural gas and current fuel blend 
Efficiency loss due to fuel switching - 

SO, alloLvvances and capacity recovery were not included in the analysis because there was 

insufficient information to estimate them. Additionally, they are not considered to be as 

significant as the annualized capital costs and annual fuel cost differences. and their exclusion 

should not have a significant impact on the results of the analysis. Annualized capital costs were 

estimated using an interest rate of 7 percent and assuming that the fuel sbvitching equipment has a 

20-year life span (equal to a capital recovery factor (CRF) of 0.09439). The 7 percent interest 

rate is the current rate used in EPL4 analyses. 

Differences in fuel costs were calculated based on the prices obtained from the 

Department of Energy (DOE) Energy Information Administration (EIA) database for 1997”. and 

converted to a dollars per million Btu ($/MMBtu) basis: 

$35.72/metric ton = $1.35/MMBtu 
assuming 13,000 Btu per Ib heating value’’ 
$3.59/thousand standard cubic feet = $;.52/MMBtu 
assuming 1.020 Btu per scf heating valuei3 

- Coal cost - 

Gas cost - 

Residual Oil cost = $2.90/MMB tu 

- 

For this analysis. i t  was also assumed that each unit would operate 8,400 hours per year 

(i.e., two weeks down time per year). 

The 1986 feasibility study provides an average efficiency loss of 5 percent when 

converting to natural gas. This value was used to calculate the additional heat input required to 

overcome the loss. The equations used to calculate capital and annual costs are proiided in 

Attachment ‘4-3. Costing inputs are summarized in Attachment A-4. 



3.4 Calculation of Cost Impacts 

Capital and annual costs of fuel switching all of the boilers and process heaters assigned 

to each applicable model unit (i.e. coal or residual oil-tired models) are presented in Attachment 

A-7. For this analysis. it was assumed that models co-firing any amount of coal would 

completely fuel switch to natural gas instead of replacing coal with another fuel. This provides a 

consenative cost 'estimate of costs from these models. More detailed calculation tables are 

found in Attachments A-S and A-9. Attachments A-10 and A-1 I present the calculation of 

Scenario C capital costs assuming inputs for cost of pipe. length of pipe, and percentage of model 

units that comprise each case. Attachment A-12 compares the costs of fuel switching to the costs 

of add-on control technologies for each model. 

3.5 Calculation of Emission Impacts 

Attachments A- 13 and A- 14 present the emission reductions for selected compounds 

from fuel switching for each boiler and process heater model, respectively. Emission reductions 

from fuel switching were calculated by subtracting emissions estimated from burning natural gas 

from emissions estimated from burning the existing fuel(s). Emissions from combusting the 

existing fuel were calculated for the baseline emissions analysis and are discussed in another 

memorandum.'" Emissions from using natural gas only were calculated using emission factors 

developed for the baseline emissions analysis. Emission factors for natural gas combustion are 

discussed in detail in another memorandum."' As stated in Section 2.0, emissions for most 

pollutants are reduced by fuel switching. However. for some organic compounds that are present 

in larger quantities in natural gas than coal. such as acetaldehyde and formaldehyde, increases in 

emissions (represented by a negative number) were predicted. Attachment A-1 5 compares the 

fuel switching emission reductions to reductions achieved using add-on control technologies. 
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APPENDIX A 

Detailed Cost and Emission Reduction Tables 

(See Excel spreadsheet "Fswitchappa.xls") 
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Appendix A-4. Fuel Switching Input Parameters and Values 

CF-A, coal 
CF-B, coal 
CF-A, oil 
CF-B, oil 
CF-C 1 
CF-C2 
CF-C3 

Cost-gas 
HV-gas 

CFg 

Cost-coal 
HV-coal 
CFc 

Cfdo 
Cfro 

i 
n 
CRF 

_ 

ELF 
theta 

Cost factor for scenario A, coal 
Cost factor for scenario B, coal 
Cost factor for scenario A, oil 
Cost factor for scenario 8. oil 
Cost factor for case C1 
Cost factor for case C2 

- - - 

- 

- _  .. ~. . 
Cost factor for case C3 

Cost of gas per volume 
Heating value of gas 
Cost of gas per MMBtu 

- 

_ _ _  - - 
Cost of coal per mass 
Heating value of - coal 
Cost of coal per MMBtu 

- __ 

-- 

- - - _ _ _  ._ 

Cost factor for distillate oil 
Cost factor for residual oil 

Interest rate _ 

Life of equipment 
Capital recovery factor 

- _ 

_ __ _ _  _ _  

- -  

Efficiency loss 
Hours of operation a year 

8.74 
12.63 
6.05 
9.91 
125 
25 
25 

_ _ _  

3.59 
1,020 
3.52 

35.72 
12,000 

1.35 

_ _  - 

-- _ _  

-~ 

5.10 
2.90 

0.07 
20 

1.09439293 - _  

0.05 
8,400 

_ _  

- _._ 

$/kW 
Slkw 
S/kW 
$/kw 

$/foot pipe 
$/foot pipe 
$/foot pipe 

$/Mscf 
Btulscf 

$IM M B tu 

- $/metric - ton 
Btullb 

- _  

$/M M Btu 

$/MMBtu 
$/MMBtu 

_ ~ _  - _ _  

- _  

Yo 
years 

hourslyear 

Fswitchappav2.xls 
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Appendix A-6. Fuel Switching--Components of Capital Cost for Each Naturai Gas Scenario 

4 

Cost Breakdowns (tkw) for Each Site’ .I I ”  : 
..*L* Boiler I Boiler 2 Boiler 3 Boiler 4 Boiler 5 A~~~~~ A~~~~~ as< 

ITable S)b (Table (Table ll)b (Table 12rb (Table 13)b Cost (In 1997 Dollars) 

Scenario A 

Pqec:  P.tanagement 
Test. Sfafl-uo caiiaration 

denaor reoresentalive 

3 2  

3 

9.7 

0 5  

0 1  

- ~- 

Boiler I 
Fable 9)b 
- 

3 5  

3 2  

3 

9.7 

3 5  

0 1  

0.6 

2 1  4 04 ! 

0 4  
0 57 
5.2 I 4.5 1 1 4.56 5.99 7.24 

I 
0 5  
0 2  

0 95 0 5  
0 21 0 1  

0 01 
0 88 05 

05 
~- ~ ~~ 

Cost Breakdowns (S/kw) for Each 5 
Boiler 3 Bo!ler$ ,Boiler 5 

Fable uable”12)b pablel3)’ 

0.6 1 2.05 1.6 [ 0.7 

.Boiler 2 
Jlable 1Of 

1 5  
2 31 

0 57 
0 1  
0 7 2  
0 01 
5.21 - 

0 05 
0 21 

0 01 
0 88 

1.24 1.50 
1 

I I 

j 

0 5  
0 1  

0 5  

/Training 
Transportation 

endor representative 

0 5  
0 2  i 

1 

0.5 - 
2.05 I 1.6 1 1 0.7 I 1.24 I 1.50 

Totall I 7.23 1 8.74 

1 Building and excavation I 
Subtotal! I 

Scenario 5 

1 System 
I II 1 Gas 1 ‘Eoiler 

Regulator house extension 
Mechanical erection pkq 
Platforms and supports X 

Gas house extension 
Conduct and Cable 

. . . _. 

U G Piping and tap 
Grating and pipe supports 

Subtotall 

I I x  
Fans. duc:s. temp probes 
Mecnanical fabrication pkg 

X 

jgnition control system I 

Boiler modtficatians 
Burner rnanagment system 

IFans i i  
Subtotal 

i Totall I 10.45 1 12.63 

a Oata laken from reference 8 
9 Data for each boiler was taken from :he noted Table in Reference 8 
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